Background: Basic Life Support (BLS) is the recognition of sudden cardiac arrest and activation of the emergency response system, followed by resuscitation, and rapid defibrillation. According to WHO, Pakistan has one of the highest mortality rates from accidental deaths therefore assessment and comparison of BLS knowledge in health professionals is crucial. We thereby aim to assess and compare the knowledge of BLS in doctors, dentists and nurses. Methods: A multi-centric cross-sectional survey was conducted in Karachi at different institutions belonging to the private as well as government sector from January to March 2018. We used a structured questionnaire which was adapted from pretested questionnaires that have been used previously in similar studies. Descriptive statistics were analyzed using SPSS v22.0, where adequate knowledge was taken as a score of at least 50%. P < 0.05 was considered as significant. Logistic regression was used to identify the factors affecting the knowledge regarding BLS in health care professionals. Results: The responders consisted of 140 doctors, nurses and dentists each. Only one individual (dentist) received a full score of 100%. In total, 58.3% of the population had inadequate knowledge. Average scores of doctors, dentists and nurses were 53.5, 43.3 and 38.4% respectively. Doctors, participants with prior training in BLS and those with 6 to 10 years after graduation were found to be a significant predictor of adequate knowledge, on multivariate analysis. Conclusion: Even though knowledge of BLS in doctors is better than that of dentists and nurses, overall knowledge of health care professionals is extremely poor. Present study highlights the need for a structured training of BLS for health care workers.
Background
Basic Life Support is the recognition of sudden cardiac arrest (SCA) followed by activation of emergency response system, early cardiopulmonary resuscitation (CPR), and rapid defibrillation with an automated external defibrillator (AED) [1] . For decreasing the mortality rate and increasing survival ratio it is crucial for a health care provider to have a firm grip on basic cardiac life support knowledge and practices [2] . Globally, about 92% out-of-hospital cardiac arrest subjects lose their lives due to limited availability of CPR facilities. One of the leading causes of death and disability worldwide is out-of-hospital cardiac arrest (OHCA) and it contributes to as high as 10% of total mortality in developing countries [3] . According to the World Health Organization (WHO), Pakistan has some of the highest mortality rates from injuries such as road traffic accidents and accidental deaths with a recent review reported 146,000 deaths and 2.8 million injuries from road traffic accidents alone [4] .
Health care professionals encounter such emergency situations very often so they should have sufficient knowledge of BLS [5] . Apart from doctors and nurses, dental practitioners as a part of health care professionals also encounter life-threatening medical emergencies. A study [6] found that during the 12-month study period about two-thirds of dentists faced at least one emergency. Moreover, there are some reports showing that during dental treatment patients died due to cardiopulmonary arrest [7] .
A study in India found the knowledge of BLS to be extremely poor in their study on medical, dental and nursing students, doctors and nurses [8] . In another study from South Africa, poor knowledge and skills of medical practitioners in basic resuscitation were reported [9] . In 2009 medical students from Karachi, Pakistan were evaluated and more than half of them were found to have no knowledge of BLS; it was concluded that prior training in BLS would improve the knowledge and its application [10] . On the other hand, a study on junior doctors from UK found them to be not capable enough to perform effective resuscitation even when life support training was being provided [11] . All these examples from different regions indicate a poor state of knowledge of BLS in health professionals and undergraduate students of related fields. Yet, no study has been conducted to compare the knowledge of BLS in 3 vital categories of health care that is, doctors, dentist and nurses, in Pakistan, and evaluate the factors affecting their awareness.
Therefore, the aim of the study was to assess the knowledge of BLS in doctors, dentists and nurses and identify the factors affecting the knowledge regarding BLS in health care professionals. This would highlight the deficits in the current curriculum in these fields and help in guiding future planning of BLS programs in Pakistan. After this study, we hope that all aspects of BLS training for health personnel be improved, standardized and made more accessible.
Methods
A multi-center cross-sectional study was conducted in five institutions of Karachi from January to March 2018. The institutions included National Institute of Child Health, Altamash Institute of Dental Medicine, Dow University Hospital, Dr. Ruth K.M Pfau Civil Hospital Karachi, School of Nursing and Out-patient department of Jinnah Hospital, Karachi, ensuring that health care professionals are covered from a greater part of the city to minimize selection bias. The questionnaire was administered to the concerned staff on duty in different departments of the hospital based on non-probability convenience sampling. Based on the assumption that 15.2% of the study sample had adequate knowledge about BLS in a developing country [12] , and taking a 5% margin of error and 90% confidence level, the calculated sample turned out to be 140. Therefore, 140 dentists, doctors and nurses each were included in our study which was designed for a similar setting, taking the total sample size to 420. The incomplete response forms were excluded from the final count of sample and data collection was conducted until 140 questionnaires were collected for each of the categories.
Prior to data collection, written informed consent was sought and participation in the study was voluntary. The survey was conducted after approval from Ethical Review Committee of the concerned institutions. The survey was divided into two sections; demographics and knowledge of BLS. Data were collected through a questionnaire (see Additional file 1) which is according to current AHA/ERC guidelines of 2015 [13] . We used a structured questionnaire which was adapted from pretested questionnaires that have been used previously in similar studies in India [8, 14, 15] and in Saudi Arabia [16] . The questionnaire was then assessed by carrying out a pilot study among the experienced medical fraternity (n = 50), and the necessary corrections were made accordingly after consultation with an emergency care specialist. Each question in the survey had the same weightage.
Data were entered and analyzed through IBMStatistical Package for the Social Sciences (SPSS) version 22. A descriptive analysis is presented as number and percentages. Total score was categorized into two; less than 50% and more than or equal to 50%. Association between knowledge score were assessed by using the Chi-square test or Fisher exact test where appropriate. For post hoc tests following a Chi-Square, we use Bonferroni Adjustment; this adjustment is used to counteract the problem of Type I Error that occurs when multiple comparisons are made. Odds Ratios (OR) and their 95% Confidence Intervals (CI) were estimated using Logistic Regression, with knowledge score as an outcome. All p-values were two sided and considered as statistically significant if P < 0.05.
Results
Demographic data of the study is as shown in Table 1 . Most of the participants were female (63.6%), in the 21-30 age group (72.1%), graduated less than 5 years ago (71.9%), with no prior formal training in BLS (52.9%). Out of the 420 participants, 212 (50.5%) were Intern or resident, and 50 (11.9%) were clinical faculty. Table 2 displays the responses of the 20 questions with the total correct and incorrect answers along with percentages of the 3 categories individually. The responses were statistically significant in all questions except questions pertaining to location for chest compression in infants, rescue breathing in infants, depth of compression in adults and neonates during chest compressions, chest compression and ventilation ratio in newborn, and first response for symptoms of choking (p < 0.05). Most notably, majority failed to correctly answer the depth of compressions in adults, the method of giving rescue breaths in infants, chest compression and ventilation ratio in newborn and first response following choking (correct answers< 20%). In total, 58.3% of the individuals who answered the questionnaire received less than 50% marks, corresponding to inadequate knowledge. Only one individual -a dentistry resident-was able to achieve a full score of 100%. Interns had a mean score of 42.8 ± 14.2 whilst their academic seniors, the residents had an almost similar mean score of 43.1 ± 16.4. Faculty scored slightly higher with an average score of 49.4 ± 13.4. Students and medical and house officers who were all grouped in one category had an average score of 46.6 ± 16.0, (p value = 0.02). On average, the scores of doctors, dentists and nurses were 53.5 ± 14.2, 43.3 ± 13.4 and 38.4 ± 15.0 respectively, (p value< 0.001).
Univariate and multivariate analyses of the data are shown in Table 3 . Collectively, being a doctor (odds ratio (OR), 5.89, 95% CI: (2.91 to 11.89), a faculty member (odds ratio (OR), 3.49, 95% CI: (1.51 to 8.05), before and having attended a BLS course (odds ratio (OR), 2.19, 95% CI: (1.34 to 3.56), was significantly associated with greater knowledge. While years of education graduated 6-10 years (odds ratio (OR), 0.46, 95% CI: (0.24 to 0.88) have a protective effect on knowledge score.
Discussion
The level of awareness regarding BLS among doctors, dentists and nurses in a tertiary care setting, in general, was found to be inadequate. This is more alarming as members of the health care community are expected to have knowledge and the skills to be able to perform CPR [17] , and they are looked upon as the leaders when a needful situation arises [18] .
Unfortunately, the doctors, nurses and dentists did not perform well when their knowledge regarding BLS was tested in our study, with only 67.1% of the doctors, 35% dentists and 22.9% of the nurses having an adequate amount of knowledge regarding BLS (score ≥ 50%) with their average scores being along the same pattern, as mentioned previously. While a similar study from South India [8] observed similar orderliness when adjusted according to scores, another study from Nepal [2] found the mean score of nurses to be greater than that of the dentists. The former study had only 15.2% of the participants scoring greater than 50% [8] , however, in our study much greater proportion (41.7%) was able to achieve the same. Our findings are in line with several studies which observed poor knowledge among medical students [19] and health care professionals while simultaneously proving that medical interns had greater knowledge regarding BLS as compared to dental interns [20] . A study conducted in North Kerala, which is said to have close to 100% literacy rate with its health care sector reaching international standards, with a study sample which has the mean score to be 44.5% [21] which corresponds to the overall mean score of knowledge of our study (45.1%). This was further corroborated by other studies in India where the mean score was found to be 41.6% [3] , 36.05% [22] and Nepal where it was 44% [2] . It is noteworthy that only less than 2% of our participants were able to exceed the 80% mark set by AHA, analogous to the 4.3% quoted in Kerala [21] .
About half of the individuals were able to correctly identify the location (56.0%) and number of chest compressions (49.0%) required in an adult per minute and their ratio to breaths (53.1%). This was corroborated by the findings of a study conducted in South India [3] and Karantaka [23] . There are studies who found a negative relationship of physician's experience with their knowledge of BLS, like the one by Zamir et al. [24] and Nambiar et al. [21] . Our study concluded that a time period of 6 to 10 years since graduation and being a faculty member was significantly associated with adequate knowledge regarding BLS (Table 3) , which is possible due to higher number of training courses and the chances of increased amount of 'hands on' real life experiences with greater years of practice. On multivariate analysis, after adjusting for other demographic factors, a prior course in BLS was significantly associated with increased amount of knowledge, which corresponds to the findings of previous literature [12, 25, 26] . While the number and duration since the last course taken was not assessed in our study, it has been found in previous studies that retraining enhances a person's knowledge and skills related to BLS [27, 28] . Cooper et al. [5] further proved that provision of a short Immediate Life Support (ILS) course following 6 months after a BLS course significantly improves the knowledge and skills of people.
There can be several causes behind the disappointing figures from our survey. Nonetheless, factors which restrict the health care professionals from receiving regular BLS training are compelling. Hectic residency schedules and scarcity of resources act as a major barrier. Lack of passion to learn resuscitation during internship and residency training, limited number of BLS programs being offered, lack of assessment tools following a training course, decreased encounter with relevant patients, difficulty in retaining the knowledge and increasing number of professionals as compared to the inadequate slots in training programs are only a few limitations to adequate knowledge of BLS. A study demonstrate that cardiopulmonary arrest can occur in some of emergency cases in dental practice if they are not managed properly [29] . Starc et al. demonstrated how first year medical students had satisfactory BLS skills when assessed shortly after a course, thereby allowing the deduction that the more recent the training the greater the skillfulness [30] . This calls for refresher training courses in addition to the mandatory BLS course taken once around graduation, to allow for persistent expertise in the skill. This is the case in our Country where post-graduation career lacks any of such comprehensive courses which can refresh BLS skills. Therefore, knowledge of BLS in these health professionals is important.
BLS training should be made compulsory and must be included in the curriculum of all undergraduate and post graduate training schools [31] , as appropriate training of BLS improves survival rates and following resuscitation of cardiac arrest patients [32] and such courses with hands on practice are essential for the betterment of CPR outcomes. It has been shown in many studies that knowledge and skills of CPR performance decrease following 6 months after training [33, 34] however the performance ameliorates when nurses are retrained in the same [35] . While adequate knowledge of CPR has been correlated with better performance, some studies have found that correct execution may be more dependent on regular practice through motor skills than on retention of guidelines [36] [37] [38] . We suggest, based on prior literature, BLS courses should not just be made mandatory for all health care professionals before entering their program but also, regular workshops should be arranged to reinforce the training throughout their career with recommendations to attend a course at least once in 2 years. BLS certified organizations should be established to cater to the increasing demand of health care professionals being produced in the country to arrange innovative hands-on workshops for the candidates with real life scenarios, and already established workshops should aim to target the same audience following 6 months after a course to plan a refresher course.
One major strength of this study is that we compared the 3 categories of health professionals from five institutes of Karachi, Pakistan. However, the study has some limitations as well; it was a questionnaire based study and the skill set and improvising capabilities of the individuals added to their intellect could not be measured. Hence, it is recommended to conduct further studies on a larger scale from various cities of Pakistan to address the nation as a whole. Moreover, the sample size used is not large enough as compared to previous similar studies. The study included only the participants who completed the whole questionnaire in the final analysis. Any incomplete forms were discarded. This technique likely prevented us to gauge the response rate and the non-reporting bias assessment.
Conclusions
In conclusion, this study indicates that knowledge of BLS among health professionals from medicine, nursing and dentistry in Karachi is poor and needs to be improved. The deficits in the knowledge of BLS in health care professionals of the largest and most populous city of Pakistan is a huge concern. We suggest a strict accreditation program to the undergraduate curriculum, along with regular reassessments along the career of the health professionals.
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